Two ZP domain proteins, Piopio and Dumpy, have been shown to contribute to the apical extracellular matrix and to play a decisive role in regulating the transition from multicellular-to-unicellular tube structure in Drosophila tracheal development.
To gain insight into these issues, Jaz ′ win ′ ska et al.
[3] assessed the roles of the pio and dp genes, which mutate to produce identical tracheal phenotypes. As secondary branches form in either mutant, the cells do not rearrange in the correct manner, and produce hollow cysts rather than fine branches. Using the Dα α-catenin-GFP fusion protein, the authors focused on the behavior of pio cells in living embryos as they rearranged during the transition from multicellular to unicellular tubes. Defects were first detected as the most proximal cells completed their rearrangement. At this point, the cell detached at its proximal end from the dorsal trunk ( Figure 1 ) and consequently recoiled dorsally. The authors argue that this phenotype results from a failure to maintain the intercellular junction once the end-to-end point is reached, because replacement with autocellular junctions continues to completion.
Although Pio and Dp appear to be required only for a specific stage of tracheal morphogenesis, their mutant effects are pleiotropic. The genes for both of these proteins were initially isolated in screens for adult wing blistering phenotypes [4, 5] . Certain dp alleles have shortened wings resulting from contraction of the pupal wing epithelium; pio mutants have an overcontracted muscle phenotype, while dp is highly expressed in epidermal tendon cells and mutants develop cuticular pits at sites of muscle attachment [6, 7] (Figure 2) . In both the wing and muscle-tendon attachments, two sites of adhesion are critical for normal function. The first of these is the attachment between cells through the basal epidermal cell surface -from one epidermal cell to another in the wing blade, and from a tendon cell to a muscle cell in the case of the muscle attachment -which is mediated by integrin-based adhesion [8]. The second site of adhesion is the attachment of the apical surfaces of the epidermal cells to the secreted cuticular exoskeleton ( Figure 2 ). Wilkin et al. [7] earlier proposed that Dp provides this anchor. In line with these findings, Jaz ′ win ′ ska et al. [3] found that Pio and Dp are concentrated on the apical (luminal) side of the tracheal tubes, and that pio, like dp, is expressed in cuticle-secreting epithelia.
Pio and Dp are both transmembrane proteins with a ZP domain, so-called because glycoproteins containing this motif crosslink to form the zona pellucida of mammalian oocytes [9]. While Pio is a small protein, Dp is gigantic, with 308 EGF repeats interspersed with 185 novel 21 amino-acid DPY repeats [7] . NMR analysis of Dp suggested that the EGF and DPY domains are able to associate end-to-end, building up a relatively rigid, fibrous molecular structure up to 0.8 µ µm in length. Proteins of the rapidly enlarging ZP domain family have been identified from Caenorhabditis elegans and flies, and from ascidians to man, where they play multiple roles in processes that include sperm recognition, organogenesis and sensory transduction. Wilkin et al. [7] , however, propose a more precise 'ruler' function for the large extracellular domain of Dp in culticle-secreting epithelia. They envisage that the approximately 0.8 µ µm fibrous structure projects from the membrane, and suggest that the different motifs could mediate distinct molecular interactions with the apical ECM to organize cuticle architecture (Figure 2) . In support of their idea, the ridges of the tracheal cuticle, known as taenidial folds (Figure 2) , are lost in dp 1 mutants. One could envisage a similar organization in the tracheal lumen, in which Dp, perhaps together with Pio, forms radial spokes of a size that could measure an appropriate lumen diameter, in the region of 1-2 µ µm (Figure 2 ). These apical complexes might then interact with other ECM molecules for normal cuticle deposition in the lumen.
The diverse function of ZP domain proteins is reflected in their structure. While the ZP domain is conserved, its molecular context may be divergent. Jovine et al. 
